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A study on structured(plate-type)copper-based catalyst
 






A hydrogen production system included steam reforming of methanol and CO shift reaction
 
is attracting interest as a reaction system that generates hydrogen for fuel cels.Considering
 
strict usage of such fuel cel,the reformer and CO shift converter requires a quick response to
 
load fluctuation,a downsized reactor dimension,and an effective exchange of heat energy in
 
the reaction.The wal-type reactor equipped with plate-type catalyst would respond to such
 
demands.In order to develop plate-type catalysts for such wal-type methanol reformer and
 
wal-type CO shift converter,this study investigated reforming and shift performances of a
 
plate-type copper based catalyst prepared by electroless plating on an aluminum substrate.In
 
addition,the relation between catalytic performances and physicochemical properties of the
 
prepared catalyst were investigated to clarify what structural and electrical factors effected on
 
the catalytic property.
The methanol steam reforming and CO shift performances of the plate-type copper
 
catalyst prepared by electroless plating varied greatly,depending on the metal selected in
 
intermediate plating before copper plating.The Cu-Fe/Zn catalyst prepared by inter-
mediately plating iron demonstrated high performance for reforming and shift reaction.Being
 
oxidized by air stream before reaction,the Cu-Fe/Zn catalyst provided much higher perfor-
mance for reforming and shift reaction rather than being reduced by hydrogen stream.The
 
reforming and shift activity of the oxidized Cu-Fe/Zn catalyst was higher than that of the
 
commercial granular catalysts.In addition,even after the activity of the Cu-Fe/Zn catalyst
 
declined by durability test of the successive changes over five days in the reforming,it could
 
restore its initial activity by reoxidation.
Concerning abut catalytic property change toward oxidation,when the commercial-type
 
granular catalyst was oxidized,its activity is declined for reforming and shift reaction.This
 
tendency is the same behavior of activity deterioration as occurs with ordinary copper-based
 
catalyst.Thus,catalytic property of the Cu-Fe/Zn catalyst was very interesting from the
 
viewpoint of the catalytic chemistry.Based on the measurement of the physicochemical
 
properties of the plated catalyst,a comparison with catalytic activity and BET specific surface
 
area of the Cu-Fe/Zn catalyst suggested that there was no correlation between them.The
 
obtained results indicated that the order of catalytic activity for the plated catalysts cannot be
 
accounted by only the surface area of catalyst.By XRD measurement of same catalysts,a
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CuZn aloy(orthorhombic)was observed on the oxidized catalyst.Further,such CuZn aloy
 
would be formed in the surface layer by oxidation,causing the migration of zinc component to
 
the surface and proximity existence to copper component.
Catalytic activity was varied not only by pre-treatment condition before reaction,but also
 
drying condition after preparing the catalyst.The methanol reforming and CO shift perfor-
mances became lower when the catalyst was subjected to forced drying in helium stream after
 
plating.Although the catalyst dried in helium showed improvement in catalytic activity by
 
oxidation,such activity was very poor compared with that of the catalyst normaly dried in air.
Same result was also obtained when the catalyst dried in helium was reduced,demonstrating
 
the lowest activity of al.Physicochemical measurement of the plated layers showed that the
 
zinc located in the bulk layer would migrate to the surface layer if the plated catalyst was
 
conventionaly air-dried and subsequently oxidized.While,the reduction treatment brought
 
about only a smal amount of zinc migration,the CuZn aloy was barely formed.For the
 
catalyst dried in helium after plating,the intensity of zinc component was low near the surface
 
although it was oxidized.Drying the catalyst in a non-oxidizing atmosphere caused these
 
results.Thus,zinc in the plated layer would migrate in an oxidizing atmosphere.As is seen
 
for the formation of CuZn aloy species,the existence of zinc in proximity to copper caused the
 
formation some active-site with high performance of reforming and shift reaction.The
 
valence of the copper species at the surface was cationic after oxidation treatment and after
 
reforming reaction of oxidized catalyst.The presence of metalic copper surface area on the
 
plated catalyst hardly contribute to the formation of active site.
To clarify a cause of such positive effect of oxidation on the Cu-Fe/Zn catalyst,FT-IR
 
measurement were performed on investigating adsorbed state of reactant such as methanol,
carbon monoxide,water and formic acid.The IR results indicated that the both reactions
 
proceed by a reaction mechanism via the formation of formate species.From the result about
 
formic acid,formate species were adsorbed on the catalyst in the form of monodentate-type or
 
bridge-type.There was linear relation between the IR peak area of monodentate-type and
 
catalytic activity of the catalyst.For the oxidized catalyst after dried in air,the proportion
 
of the monodentate-type formate group was higher.Considering with the catalytic activity,
the formation of monodentate-type formate group would progressed the reforming and shift
 
performance.It was assumed that the zinc migration to form the proximity existence to
 
copper at the surface was related such formation of formate group.In addition,the large
 
amount of carbon monoxide weakly adsorbed on catalyst were observed on the oxidized
 
catalyst,comparing to that of the reduced catalyst.Activity of methoxy group adsorbed on
 
the oxidized catalyst dried in air was higher than that of oxidized catalyst dried in helium.
A kinetic study for CO shift reaction on the plate-type catalyst was conducted at 140°C-
200°C and atmospheric pressure.The reaction rate revealed that a carbon monoxide molecule
 
was strongly adsorbed on the plated surface,and water molecule was weak adsorbed on the
 
surface.Furthermore,the reaction rate was depressed by carbon dioxide and hydrogen.
Activation energy over the oxidized catalyst was lower than that over the reduced catalyst.
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The obtained result expected the formation of active-site on the surface by oxidation treat-
ment,such as CuZn species.
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